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The agricultural sector is a source of greenhouse gas emissions that directly affect the 
global problem of climate change and contribute approximately 11% in total greenhouse 
gas emissions in the world and in Croatia too. Irregular and irresponsible agricultural 
practices, such as excessive tillage and improper fertilization often lead to soil carbon 
loss and increased carbon dioxide emissions to the atmosphere. This field study provides 
results how agricultural practices affect carbon dioxide emissions from soil, carbon 
sequestration and soil quality during the cultivation of winter wheat. The field 
experiment was conducted in a temperate continental climate on distric Stagnosol.  
Four investigated treatments were: organic fertilization, mineral fertilization, control 
treatment and black fallow. The lowest carbon dioxide emission was recorded on bare 
soil and the highest on organic fertilization treatment. The application of manure, mineral 
fertilizers and calcification rendered significant effect on some soil chemical 
characteristics and daily carbon dioxide flux.  
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INTRODUCTION 
The influence of the agricultural ecosystems can have a significant role in the 
production and consumption of Greenhouse Gases (GHGs) that directly affect the global 
problem of climate change [1]. Among GHGs, carbon dioxide (CO2) is one of the most 
significant contributors to regional and global warming [2]. The agricultural soils can act 
as a source or a sink of GHGs [3]. Therefore, one part of CO2 is released from soil in the 
process of soil respiration. Soil respiration or soil CO2 flux is one of the most important 
components of the ecosystem carbon budget, which consists of organic matter 
decomposition and mineralization, root respiration and rhizosphere or faunal respiration 
[4]. 25% of the total carbon exchange between the atmosphere and terrestrial sources is 
ascribed to annual global soil emission [5]. Numerous studies have shown that many 
factors such as excessive tillage and irrigation practices, application of large amounts of 
fertilizers, soil aeration and microbial processes lead to higher soil flux (C-CO2) 
emissions into the atmosphere and depletion of carbon (organic matter) content in soil [6]. 
Also, the production of CO2 in the soil is strongly correlated with soil temperature and 
soil moisture [7]. When soil temperature increases, organic matter decomposition, 
oxidation, microbial activity and C mineralization processes accelerate which leads to 
increased C-CO2 emission from the soil [8]. Soil temperature represents an important 
factor in controlling major processes in the C cycle [2]. Soil moisture also affects CO2 
production, distribution and microbial activity [9]. As is known, the application of 
mineral fertilizer and manure has similar and very large effects on soil fertility. Nitrogen 
fertilization is one of the commonly used agronomic practices used in conventional and 
integrated cropping systems to greatly improve plant productivity [10]. Some studies 
show that nitrogen application resulted in a reduction of both emission rate and 
season-long cumulative emission of C-CO2 from soil [11] while other studies show that 
fertilization has no direct effect on soil carbon sequestration [12]. Therefore, optimal C:N 
ratio has high importance in sustainable soil management [13]. 
Regarding that soil formation is an extremely slow process, it could be considered as 
a non-renewable resource. Climate changes and its consequences not only affect humans 
but also affect soil possibility to provide its Ecosystem services in the future. It is very 
important that soil is a major factor in our fight against climate change, as the third largest 
carbon base after oceans and sedimentary rocks. The Republic of Croatia as a signatory 
of the UNFCCC Convention has the obligation to write a National Inventory Report 
(NIR) using the Intergovernmental Panel on Climate Change (IPCC) and Land Use, Land 
Use Change and Forestry (LULUCF) guidelines. The Government of the Republic of 
Croatia produced several National Reports from the Republic of Croatia according to the 
UNFCCC where different universal coefficients for GHGs calculations were used, so the 
primary research goal was obtaining our own national data. According to the Kyoto 
Protocol, the EU has taken a leading role in tackling climate change and set the goal of 
reducing GHG emissions by 80% by 2050 where the Republic of Croatia shows the 
possibility to achieve the European goal of reducing GHGs. Although many studies on 
soil CO2 emissions are conducted around the world, world literature provides insight into 
the contradictory results obtained with regard to the location of measurement, soil type, 
climate, land use and management, etc. Due to the lack of research and our own national 
data related to the topics of soil respiration, the goal was to obtain and have a real data of 
GHGs from agricultural soils in the real agro-climatic conditions of Western Pannonian 
agricultural subregion. Also, the main objectives of this research were to determine the 
effects of mineral and organic fertilization in winter wheat (Triticum aestivum L.) 
vegetation and agro-ecological factors on C-CO2 emissions and C sequestration from 
distric Stagnosol and to determine the influence on soil quality [pH, Electro-Conductivity 
(EC), Organic Matter (OM), Available Phosphorus (AP), Available Potassium (AK), 
Total Nitrogen (TN) and total number of bacteria and fungi]. 
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MATERIALS AND METHODS 
The field experiment with four different treatments was set up in central part of 
Croatia in Popovaca (N 45° 33' 21.42'', E 16° 31' 44.62''). It was initiated in 1996 with the 
aim of establishing optimal fertilization in existing conditions that would have a positive 
effect on yield and would not adversely affect the environment (water), and later (2011), 
it was expanded to the research on soil C-CO2 flux measurements. The cover crop at the 
experimental field in the investigated year (2016) was winter wheat (Triticum aestivum L. 
– Srpanjka variety) which was sown on 12th November 2015 and harvested on 9th July 
2016. The winter wheat yield was determined by gravimetric method [14]. The soil type 
was classified as plain, deep, distric drained pseudogley (Stagnosol) [15] and as distric 
Stagnosols [16]. The dimension of each trial treatment was 30 × 130 m2 including blank 
space. The distance between treatments was 2 m by each side, as well as between 4 
replicates. The fertilization with phosphorus (P) and potassium (K) was uniform for II 
and III treatments (120 kg ha−1 for P and 180 kg ha−1 for K). On 15th November 2015, soil 
ploughing and preparation (25-30 cm depth), basic fertilization with NPK = 7:20:30 for 
winter wheat [30% nitrogen (N) + 100% K and 100% P] and winter wheat sowing are 
done. The nitrogen replenishment was carried out on two dates, first on 11th March 2016 
in an amount of 25% N and the second on 4th April 2016 in the amount of 45% N (25% + 
20%) using KAN. Harvest of winter wheat was on 9th July 2016. Four investigated  
treatments were:   
• (C) Control treatment – no fertilization; 
• (OF) Organic Fertilization – 40 t ha−1 of solid farmyard mixed manure + P + K; 
• (MF) Mineral Fertilization – 300 kg ha−1 N + P + K; 
• (BF) Black Fallow – no vegetation. 
Soil sampling and analysis  
Soil sampling for chemical and microbiological analysis was conducted twice during 
2016 (in April – stem extension phase and in June – grain formation phase) in winter 
wheat vegetation period at the depth of 0-30 cm. Average soil samples made from four 
replications on each treatment were taken and air dried, milled, sieved (< 2 mm) and 
homogenized according to the HRN ISO11464 [17] protocol. pH was determined by 
potentiometric measurement in accordance with modified HRN ISO 10390 [18] (1:2.5 
suspension of soil in 1 mol L−1 KCl). The content of OM was determined with a wet 
combustion method (sulfochromic oxidation method) [19]. The AP and AK were 
extracted by ammonium lactate (AL) solution [20] and detected by spectrophotometric 
and flame photometric methods, respectively [21]. TN in soil was determined by dry 
combustion method [22]. Soil EC was determined according to the [23]. Samples for 
microbiological analysis were analysed immediately after sampling in the natural state of 
soil moisture. The total number of fungi and bacteria was determined by the dilution 
method [24].  
Climate conditions at the experimental site 
For the interpretation of climatic conditions at the experimental site in the reference 
period 1961-1990 and studied period November 2015-November 2016, the official 
meteorological data from the main meteorological station of Meteorological and 
Hydrological Service of Croatia located in Sisak were used [25]. The climate conditions 
at the experimental site are described by Lang’s rain factor and Walter climate diagram. 
Lang’s rain factor was calculated by dividing the annual precipitation (in mm) by the 
mean temperature (in °C) [26]. The climate classification for the interpretation of Lang’s 
rain factor is conducted according to Gracanin’s climate classification [27]. Walter 
climate diagram represents a relationship between the average monthly air temperature 
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and rainfall during long-term measurement which provides a summary of a local  
climate [28]. 
The soil water balance was calculated according to Thornthwaite’s method where 
potential evapotranspiration, actual evapotranspiration, water deficit and water surplus 
were determined. Thornthwaite’s method is basically an empirical relationship between 
mean monthly potential evapotranspiration and means monthly temperature, wherein 
uniform values of wind and humidity have been assumed [29].  
Carbon dioxide emission measurement and agro-ecological factors 
The measurements of soil CO2 concentrations and agro-climatic conditions were 
conducted 10 times during the vegetation year (2015/2016) in the following months: 
November, December, April, May, June, July 2×, August, September and November in 
three repetitions on all treatments. The most common methods used to measure soil 
fluxes are chamber systems [30]. In this research, the soil CO2 concentrations were also 
measured by a closed static chamber method, as described in Bilandzija et al. [2]. Initial 
CO2 concentrations were measured before the chamber was closed. The incubation time 
was 30 minutes after which CO2 concentrations were measured. In situ CO2 
concentration measurements (ppm) were carried out by a portable infrared CO2 detector 
(GasAlertMicro5 IR, 2011). The soil CO2 efflux was calculated from the increase in CO2 
concentration over time [30]. 
Because CO2 emissions from the soil are indirectly influenced by moisture content 
and air temperature, reliable data on agro-ecological conditions are required [31].  
Thus, seasonal changes in CO2 flux have been reported to follow seasonal temperature 
trends [32]. Therefore, during each measurement, air temperature [°C], relative air 
humidity [%] and air pressure [hPa] were measured with appropriate instruments (Testo 
511 and Testo 610, 2011). In addition, soil temperature [°C], soil moisture [%] and 
electroconductivity [mS/m] were measured with an instrument (IMKO HD2 – probe 
Trime, Pico64, 2011) at 10 cm depth near each chamber. Table 1 presents the mentioned 
instruments with accuracy.  
 
Table 1. Accuracy of instruments 
 
Instrument Function Accuracy 
GasAlertMicro 5 IR CO2 concentration [ppm] ± 0.2% 
Testo 511 Air pressure [hPa] ± 3 
Testo 610 
Air temperature [°C] 
Relative air humidity [%] 
± 0.5 
± 2.5 
IMKO HD 2 
Soil temperature [°C] 





Data analysis and statistics 
Statistical analyses of differences in winter wheat yield according to fertilization 
treatments were computed by analysis of variance (ANOVA) (SAS 9.1, SAS Institute 
Inc., USA). The significance test was performed at a probability level of p < 0.05. Also, 
using analysis of variance differences in soil chemical (pH, EC, OM, TN, AP and AK) 
and microbiological (total number of fungi and bacteria) properties among treatment 
means were tested for each sampling time and across the sampling dates for each 
treatment. Statistical analyses of differences in daily C-CO2 fluxes according to 
fertilization treatments and black fallow treatment were performed for each of ten 
measurement months period from November 2015-November 2016. In the end, 
according to fertilizer treatments comparison of mean annual C-CO2 flux values and soil 
chemical parameters was analysed also by ANOVA, while all differences among 
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treatment means and sampling dates means were separated using Fisher’s least 
significant difference procedure. 
RESULTS AND DISCUSSION 
Mean annual amount of precipitation in Sisak during the 30-year reference period was 
865 mm. The real evapotranspiration was 655.1 mm per year. Mean annual temperature 
was 10.6 °C indicating temperate continental climate. According to Lang’s rain factor 
(Lf), the reference period was characterised by a humid climate (Lf = 82) [27].  
The investigated 2016 was more humid (+159 mm) and warmer (+1.5 °C) compared to 
reference period with mean annual precipitation amount of 1,024 mm and mean annual 
temperature of 12.1 °C. According to Lang’s rain factor, the year 2016 was characterised 
by a humid climate (Lf = 85). 
According to Walter’s climate diagram, the average climatic conditions show no 
record of dry periods during the reference period (Figure 1), while in the studied year 
(2016) a water deficit in July, August and September was recorded (Figure 2). The real 
evapotranspiration in 2016 was higher by 30 mm than in the reference period. Water 
deficit in the soil in 2016 occurred in the same months as in the reference period, but in a 
larger quantity (+23.6 mm). The same applies to water surplus (+128.8 mm)  
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Figure 4. Water balance in the soil according to Thornthwaite method for the investigated 2016 
Crop yield, soil chemical and microbiological properties 
Figure 5 shows winter wheat yield according to the investigated treatments. The yield 
observed in MF (7.37 t ha−1) and OF (7.07 t ha−1) was significantly higher than the yield 
observed in the control treatment (1.12 t ha−1). The yield determined between MF and OF 
treatment was not significantly different (Figure 5). Until 2014, when organic 
fertilization was applied, mineral fertilization was also applied on OF treatment (250 N + 
P + K) so no significant differences between yield at OF and MF treatments could be 
partly explained due to the high nutrient accumulation in the soil. Accordingly, several 
authors have shown nitrogen as the most important element to achieve stable high grain 
yields [33] and improving grain quality [34]. Similarly, the present experiment confirmed 
a tendency of increased yield after mineral nitrogen application in comparison with 
organic fertilization [35]. In organic treatments, lower yields were observed in the first 
two years, but after third-year yields did not differ [36].  
Table 2 presents soil chemical properties in dependence of fertilization treatments and 
sampling time. The pH ranged from 4.93 in the stem extension phase to 6.22 in grain 
formation phase. The EC values were very low and ranged from 9.3 to 10.7 mS m−1.  
The mean pH and EC were not significantly different between treatments. The content of 
OM in soil ranged from 1.4% in control treatment to 2.9% in OF. The content of OM was 
significantly higher in OF and MF treatment than in C and BF. The AP ranged from  
73 mg kg−1 (BF) to 197 mg kg−1 (MF) and AK from 147 mg kg−1 (BF) to 301 mg kg−1 
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values of AP, AK and TN were significantly higher on OF and MF than on treatments 
without fertilization (C and BF). When comparing the first (stem extension phase) and 
the second (grain formation phase) sampling, the significant difference can be seen in EC 





Figure 5. Winter wheat yield according to the investigated treatments [mean values marked with 
the same letter are not significantly different (SAS 9.1, p < 0.05)] 
 
Table 2. Soil chemical properties according to the fertilization treatment and sampling time  
(n = 4: in the first and the second soil sampling, the composed sample made from four replications 
for each treatment are made and analysed) 
 
First soil sampling (stem extension phase) – April 2016 
Treatment pH 1:2.5 KCl EC 1:5 [mS m−1] OM [%] AP [mg kg−1] AK [mg kg−1] TN [g kg−1] 
C 5.62 Aa 10.7 Aa 1.4 Ba 110 Ba 154 Ba 0.98 Bb 
OF 5.22 Aa 10.7 Aa 2.7 Aa 196 Aa 299 Aa 1.60 Aa 
MF 4.93 Aa 10.7 Aa 2.7 Aa 197 Aa 256 Aa 1.68 Aa 
BF 5.16 Aa 10.7 Aa 2.3 Aa 101 Ba 147 Ba 1.43 Aa 
Second soil sampling (grain formation phase) – June 2016 
C 6.22 Aa 9.4 Ab 1.4 Ca 88 Ba 149 Ba 1.12 Ca 
OF 5.15 Aa 9.4 Ab 2.9 Aa 187 Aa 301 Aa 1.52 Aa 
MF 5.49 Aa 9.3 Ab 2.8 Aa 192 Aa 296 Aa 1.43 ABa 
BF 5.44 Aa 9.3 Ab 2.1 Ba 73 Bb 170 Ba 1.24 BCa 
Mean values marked with the same capital letters in the same time of sampling are not significantly different. Mean values 
marked with the same small letters between different time of sampling are not significantly different (SAS 9.1, p < 0.05) 
 
The growth of microbial populations and their action in soils are dependent on the 
interaction between plant species and soil [37]. It is considered that 80 to 90% of soil 
processes are influenced by microorganisms [38] where bacteria and fungi can carry out 
almost all known biological reactions. Determination of the total number of bacteria and 
fungi in soils is one of the main indicators of soil biogenity [13].  
In this research, the results showed that a low microbial number is prevalent.  
Total number of bacteria (Figure 6) ranged from 6.9 × 106 CFU g−1 on BF to 18.1 × 106 
CFU g−1 soil in OF depending on the sampling time and treatment. Total number of fungi 
(Figure 7) ranged from 6.5 × 104 CFU g−1 on BF to 18.9 × 104 CFU g−1 in OF. Looking at 
the first (stem extension phase) and the second (grain formation phase) soil sampling, it 
can be seen that bacteria number increased in all treatments in second sampling but 
showed significant difference only in C and BF treatments. The total number of fungi 
decreased in MF and BF treatments. BF treatment showed a significant difference of the 
total number of fungi in a relation to C and OF treatments in the second sampling. 
Between different times of sampling, significant difference was recorded only in OF 
treatment (Figure 7). These results are consistent with authors’ cognition that bacteria 
and fungi responded differently to the organic and mineral fertilizers [39]. 
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Figure 6. Total number of bacteria (× 106 CFU g−1) in the first and the second sampling  
[mean values marked with the same capital letters in the same time of sampling are not 
significantly different, mean values marked with the same small letters between different time of 
sampling are not significantly different (SAS 9.1, p < 0.05)] 
 
 
Figure 7. Total number of fungi (× 104 CFU g−1) in the first and the second sampling  
[mean values marked with the same capital letters in the same time of sampling are not 
significantly different, mean values marked with the same small letters between different time of 
sampling are not significantly different (SAS 9.1, p < 0.05)] 
Agroclimatic factors and carbon dioxide flux 
A lot of research has been done to study the relationship between C-CO2 flux and soil 
temperature or soil moisture. In this research, during the winter wheat growing season, 
average daily soil temperature ranged from 17.6 °C in November to 37.6 °C in August 
(Figure 8). In Moore and Dalva [40] research, C-CO2 emissions at 23 °C was 2.4 times 
higher than at 10 °C and showed a positive, linear correlation with the water content of 
the soil. In this research, C-CO2 emission was 5.5 times higher at BF treatment without 
any influence of vegetation, at a soil temperature of 33.4 °C (June) than at 17.6 °C 
(November), thus confirming the high functional flux dependence on soil temperature 
and moisture (Figure 8 and Figure 9). A high positive correlation between CO2 emission 
rate and soil temperature was found for many soils under natural and agricultural 
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global soil-to-atmosphere CO2 fluxes, from long-term study the authors concluded that 
annual soil-CO2 fluxes correlated with mean annual temperature [41]. The soil moisture 
affects soil C-CO2 flux by its direct influence on root and microbial activities, or indirect 
influences on soil physical and chemical properties [42]. Authors found increased rates of 
day and night soil respiration when soil water content increased due to rainfall [43].  









Figure 9. Average daily C-CO2 flux in kg ha−1 day−1 according to the treatments  
[mean values marked with the same letter in the same column are not significantly different  
(SAS 9.1, p < 0.05)] 
 
Application of N fertilizer increases plant biomass production, stimulating soil 































Nov. Dec. April May June July July Aug. Sept. Nov.
C 6,5 5,9 11,4 18,5 28,6 16,6 7,1 11,8 6,2 3,4
OF 4,6 9,5 24,2 40,2 46,1 26,5 42,6 11,8 10,6 3,0
MF 8,8 7,5 12,1 41,2 54,3 19,5 45,9 11,8 6,2 3,8
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factors and fertilization treatments, Figure 9 shows changes in daily flux movement 
during the year. These results are in accordance with study [45] which stated that the 
presence of crops on the field affect (increase) CO2 emissions from the soil. In this 
research, flux at MF treatment was in accordance with study from China [46] where 
C-CO2 emissions increased under the influence of N fertilizer application. The results 
from study in Iowa show that increasing N fertilization generally decreased soil CO2 
emissions [47]. In this research, average daily C-CO2 flux varied from 0.2 kg ha
−1 day−1 
(BF ‒ April) to 54.3 kg ha−1 day−1 (MF ‒ June) and was significantly different (Figure 9).  
Vegetation presence and type are important factors of soil respiration rate.  
The vegetation presence affects CO2 fluxes primarily by photosynthesizing and by 
increasing the total ecosystem respiration [48]. Emissions can be higher for 20% in the 
soils with crop presence compared to black fallow [49]. Accordingly, during the 
investigated year the vegetation peak is clearly visible in Figure 9 due to the presence of 
vegetation in C, OF and MF treatments. Even in BF treatment on which vegetation was 
not present, functional dependence with soil temperature and moisture during the year is 
clearly visible. Soil respiration is usually the highest in summer, decreases in the colder 
months and is the lowest in winter [50]. Accordingly, in this research conducted in humid 
climate region on cultivated land, carbon emissions reached a minimum in November 
and maximum in June and late July (Figure 9). 
Influence of fertilization on soil carbon dioxide emissions and soil properties 
Table 3 shows the average annual C-CO2 flux values and soil properties depending on 
the fertilizer treatments. Statistically, significant differences were found between the 
mean annual C-CO2 flux in fertilized treatments (OF and MF) compared to the treatment 
without vegetation (BF) but not with control treatment (C). The highest average annual 
C-CO2 flux was determined in OF (21.9 kg ha
−1 day−1) and the lowest on BF  
(7.8 kg ha−1 day−1) (Table 3) which is consistent with results from Nebraska where the 
average annual CO2 emission of winter wheat ranged from 6.9 to 20.1 kg ha
−1 day−1 [51]. 
The authors performed a long-term fertilization study of wheat and maize growing 
season and observed that the highest C-CO2 flux was found from organic fertilized 
treatment [51]. Application of fertilizers at a rate of 300 kg ha−1 N per year also increased 
C-CO2 emissions [52]. Results from this research observed a significant effect of organic 
and mineral fertilizer application on some soil properties (Table 2 and Table 3). Mean 
values of AP, AK, TN and OM are significantly higher in treatments with fertilization 
(OF and MF) than on C and BF treatments. The mean values of pH and EC as well as the 
total number of fungi between treatments, were not significantly different. The total 
number of bacteria shows a significant difference between OF and BF treatments. 
 
Table 3. Comparison of mean annual C-CO2 flux and some chemical soil parameters depending 
on fertilizer treatments [mean values marked with the same letter in the same column are not 
significantly different (SAS 9.1, p < 0.05)] 
 
Treatment C-CO2 flux OM [%] pH EC [mS m−1] AP [mg kg−1] AK [mg kg−1] 
C 11.6 AB 1.4 C 5.9 A 10.1 A 99 B 152 B 
OF 21.9 A 2.8 A 5.2 A 10.1 A 191 A 300 A 
MF 21.1 A 2.8 A 5.2 A 10.0 A 195 A 276 A 
BF 7.8 B 2.2 B 5.3 A 10.0 A 87 B 158 B 
Treatment Total number of bacteria [× 106 CFU g−1] Total number of fungi [× 104 CFU g−1] TN [g kg−1] 
C 13.1 AB 11.5 A 1.1 C 
OF 16.9 A 15.9 A 1.6 A 
MF 11.2 AB 15.5 A 1.7 A 
BF 10.0 B 12.0 A 1.3 B 
CONCLUSION 
Climate change is today’s biggest challenge. Caused by high levels of GHGs in the 
atmosphere, as a result of their release from the energy, industry and agriculture sectors, 
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it can lead to numerous problems. Agricultural ecosystems play a significant role in 
GHGs, particularly CO2. Irresponsible land management can lead to increased 
atmospheric CO2 concentrations that contribute to global warming. Consequently, the 
aim of this research was to determine the influence of mineral and organic fertilization 
and agro-ecological factors on C-CO2 emissions and C sequestration from agricultural 
soil. Based on the obtained results, the application of organic and mineral fertilizers 
proved to be beneficial in terms of average higher yield (6.4 ×), and higher nutrients:  
N (1.7 ×), P (1.9 ×), K (1.9 ×) and OM content (2 ×) in the soil compared to the control 
treatment. Due to higher biomass on OF and MF treatments, larger C-CO2 emissions 
occurred (1.8 ×). The highest emission was recorded on OF treatment  
(21.9 kg−1 ha day−1) followed by MF, C and BF treatments. This result is justified because 
higher yields sequestrated more carbon. CO2 content in agro-ecosystem is balanced 
because higher yield reduces C-CO2 emissions through increased photosynthesis.  
The reduction of C-CO2 emissions by carbon sequestration is of primary importance as 
agricultural practice can remove atmospheric carbon by sequestration and thus mitigate 
climate change by maintaining and increasing the amount of carbon stored in soil and 
plant material. Based on results obtained by scientific methods and measurements, a 
basis for further work on sustainable soil management will be created with the same or 
similar soil use and soil quality, with an emphasis on determining the optimal amount of 
fertilizer for reducing CO2 emissions from the soil, increasing soil health, C sequestration, 
and achieving a satisfactory yield. Also, the future goal includes expanding the research 
to other GHGs emissions which occurs as the result of anthropogenic activities. 
NOMENCLATURE 
AK available potassium in soil [mg kg−1] 
AP available phosphorus in soil  [mg kg−1] 
C-CO2  soil flux [kg ha
−1 day−1] 
EC EC measurement value [mS m−1] 
OM organic matter content in soil  [%] 
TN soil total nitrogen [g kg−1] 
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